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Abstract 
This article describes the enhancement of a previously published rectangle patch antenna sensor system suited for occupant 
detection in mass transportation. Based on the previously developed antenna system, requested improvements in term of size, 
weight, interference resistance and power consumption have been developed and implemented via modelling, simulating and 
finally comparing simulated data with measurement results. 
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1. Introduction 
In the last decade, occupant detection systems have experienced an enormous growth in the automobile industry 
and mass transportation, e.g., trains, buses and undergrounds. It is common to find occupant detection systems based 
on capacitive, inductive and pressure sensing to mention only a few. All of these sensor principles have advantages 
and disadvantages concerning the integration in the seat, complexity and investment cost ([1], [2], [3]). It is thus 
highly desirable to develop occupation detection systems, which consider that people differ in weight and that can 
differentiate between a passenger and an object. 
Based upon this, a sensor was formerly developed [4] and patented [5]. To meet customer requirements, this 
sensor arrangement has been comprehensively redesigned. The methods used and the corresponding results are 
published in this article. The antenna was designed utilizing a finite element method (FEM) simulation software and 
optimization algorithms. Furthermore, simulated and measured data, e.g., S-, Z-Parameter, Gain and directivity of 
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the new E-shape inset fed antenna, are presented and compared to the former plain design. It is shown that at an ISM 
frequency of 868MHz with a relatively low radiated power level of -5dBm to 0dBm (0.32mW to 1mW), a 
reasonable and reliable occupant detection sensor can be realized. 
2. Sensor principle 
Previously, the mutual electromagnetic coupling between two identical plain patch antennas was measured and 
classified, whereas now the novel system utilizes the detuning of just one single patch antenna to distinct between 
occupied and unoccupied cases. In addition to this major conceptual change, the antenna itself has also been 
redesigned in terms of size and bandwidth using a substrate material with a significantly higher permittivity İr and 
an E-shape design [6] fed by a transmission line.  
        
                                                 (a)                                                             (b)  
Fig. 1. Antenna configuration; (a) Patch antenna placement below seat; (b) E-shaped patch antenna. 
Fig. 1 depicts the functional principle of the antenna sensor which is composed of one patch antenna 2 which is 
excited by an oscillator 3 at 868MHz with defined power, a hybrid coupler 3 and detection hardware 4. Due to 
different permittivity and conductance of human tissue in the proximity of the sensor/seat arrangement, the antenna 
proceeds mismatched and a frequency shift in case of occupancy compared to the unoccupied state is provided. By 
utilizing a hybrid coupler, this mismatch can be transformed to a power level shift which can be detected by a power 
detector. 
3. Design considerations and measurements 
The reason why an E-shape antenna was selected in this application among several patch antenna geometries is 
explained in detail in [7]. Optimization suggestions are found in [8], whereas design considerations are elaborated in 
[9].  
3.1. Design  
In Figure 2, the three-dimensional model designed in the field simulator HFSS (ANSYS®) of the E-shape patch-
antenna is elaborated. To ensure dimensional requirements from customer’s point of view, a substrate material 
RO3010™ with material properties as listed in Table 1 was selected instead of FR-4.  
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     Table 1. Patch antenna material parameters 
Material properties Antenna, plain geometry Antenna, E-shaped 
Material FR-4 Rogers RO3010 
Permittivity Hr 4.4 10.2 
loss tangent tanG 0.02 0.002 
stackup height 1.5 mm 1.27 mm 
copper height |35μm |35μm 
3.2. Measurement results 
The optimum method to characterize the antenna uses the ZVB4 Vector Network Analyzer from Rhode & 
Schwarz in order to determine the return loss, impedance and bandwidth. Further tests in the in-house EMC-RF 
anechoic test chamber, which can be seen in Figure 3(a), showed a 4.7dBμV higher maximum field strength for the 
E-shape design compared to the previous plain design. The simulated radiation pattern is shown in Figure 3(b). 
                                           (a)                                                                                       (b) 
Fig. 2. Simulated and measured results of S11-parameter; 
 (a) both operating conditions of plain antenna versus E-shaped patch antenna; (b) S11-parameter. 
The simulated input reflection coefficient S11 is almost the same compared with the measured one, which can be 
seen in Figure 2(a). In Figure 2(b), the measured S11 for both types of antenna are shown for the occupied and the 
unoccupied case, respectively. A detailed overview of the patch antenna parameters is given in Table 2. 
     Table 2. Comparison of simulated and measured results of the E-shaped patch antenna 
 simulated results measured results 
Resonance frequency fr 868MHz 869MHz 
S11 at fr -18.7dB -25.12dB 
S11 at 868MHz -18.7dB -15.89dB 
Bandwidth B 3.5MHz 4.7MHz 
Z11 at fr (55.0 + j0.02) : (46.1 +  j3.9) :
Z11 at 868MHz (55.0 + j0.02) : (24.0 – j41.1) :
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